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Abstract 
The CT process for metrology applications is very complex because has many factors that influence the loss of accuracy during 
CT measurements. One of the most critical is the edge detection also called surface extraction or image segmentation, which is 
the process of surface formation from the CT`s volume data that represents a grey value corresponding to the mass attenuation 
coefficient of the object material. This paper presents three edge detection methods commonly used in areas like machine and 
computer vision and they are analyzed as an alternative to the common methods used in CT for metrology applications. An 
experimental comparative between the three techniques is also shown, using them on three different parts: two reference parts 
and one industrial part. 
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1. Introduction 
The Computer Tomography (CT) is breaking strongly into the field of metrology due the capabilities and 
advantages of this technique over the traditional, highlighting the capacity to perform measurements of internal and 
external geometries simultaneously without contact. However, it still needs to be further developed to become a 
reliable and standardized measuring technology. 
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The advantages of this technology make the CT to be very attractive and to have a high development potential, 
when on the contrary have some significant limitations. Among these limitations the following can be highlighted: 
its multiple and complex influence factors, the current absence of standard working procedures and the lack of a 
reliable approximation for the uncertainty calculation. Two of the most important influence factors, due to their 
great impact on the final measures are: threshold determination and scale factor calculation. 
In previous works carried out by the authors, a new procedure for the edge detection by maximum gradient [1] 
and a novel approach for a threshold technique were presented [2]. These methods offer accuracy, but they are time 
and computer-consuming [3]. However, other already known algorithms can be adapted and applied to the CT 
segmentation problem with a much lower computational cost. One of them is the Deriche segmentation algorithm 
[4] which has good characteristics to be used as a segmentation technique based on gradient, mainly its high 
computational efficiency and the possibility of local usage. Regardless of which gradient-based algorithm is used, if 
an improvement in accuracy is desired, it is necessary to apply a local processing that allows the points of the 
surface allocation with sub-voxel resolution. The use of more efficient algorithms allows a more comprehensive 
analysis in this phase, resulting in improved precision. 
In this paper, the results obtained with a new method based on the Deriche algorithm and a novel post-process 
sub-voxel resolution refinement are shown. They are compared with the results achieved with previous 
developments. To make this comparison the three algorithms are used with two calibrated reference parts and an 
industrial part. 
2. Materials 
This section presents a detailed description of the parts to be measured and the equipment used. 
2.1.  Parts description 
This work focuses on the measurement of three different parts; two calibrated parts and one industrial part. The 
first calibrated part is called ‘‘CT tetrahedron’’; it was developed by the University of Padova [5] and consists of 
four calibrated spheres made of synthetic ruby monocrystal supported by a carbon fiber frame. The centers of the 
four spheres are ideally positioned on the vertexes of a tetrahedron. The frame is made with carbon fiber bars with 
diameter of 2 mm (Fig. 1a). For this item the diameters of all the four spheres (D) were verified, being the nominal 
dimensions: D1 = 5.0 mm, D2 = 4.0 mm, D3 = 4.0 mm and D4 = 3.0 mm [5]. (Fig. 1)  
The second calibrated part is called ‘‘Pan Flute Gauge’’; it was also developed by the University of Padova [13] 
and consists of five calibrated tubes made of borosilicate glass supported by a carbon fiber frame (Fig. 1b). For this 
item three dimensions were verified in the five tubes: outer diameter (OD), inner diameter (ID) and length (L). The 
five tubes have the same nominal dimension for the OD = 1.9 mm and ID = 1.5 mm, but different lengths: L1 = 12.5 
mm, L2 = 10.0 mm, L3 = 7.5 mm, L4 = 5.0 mm and L5 = 2.5 mm [13]. (Fig. 1). 
 
 
Fig. 1. Calibrated part 1, “CT tetrahedron” (a) and calibrated part 2. ‘‘Pan Flute Gauge’’ (b). 
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The industrial part is a commercial Lego® Brick with 8 cylindrical features (called Knobs) on the top side. The 
item is made of Acrylonitrile–butadiene–styrene (ABS) which is an engineering thermoplastic polymer. For this 
item, the following dimensions were verified: Diameter (D) and Height (H) of the knob 1 and 2 widths (LAC 
between sides A and C and LBD, between sides B and D). The nominal dimensions are: D1 = 5 mm, H1 = 1.7 mm, 
LA = 31 mm, LB = 16 mm. This part is shown in Fig. 2. 
 
 
Fig. 2. Part 3, industrial part. 
2.2. Machine and settings 
The three items were initially calibrated at the University of Padova using a tactile CMM as a reference. The 
University of Zaragoza used a non-measuring oriented CT machine (Fig. 3) with the following characteristics: X-ray 
source power from 50 to 80 kV, maximum resolution of 8 µm and a cylindrical working volume of 44 mm diameter 
by 56 mm height. This machine will be named as UNIZAR CT from now on. In Table 1 the measurement 
parameters used by the UNIZAR CT machine to measure the three items are shown. 
     Table 1. Protocol UNIZAR CT machine. 
Parameter Item 1 Item 2 Item 3 
Voltage (kV) 90 90 45 
Current (µA) 80 80 120 
Angle of increment (deg.) 0.20 0.35 0.20 
Object position (mm) 160 87 160 
Voxel size (µm) 45.5 0.35 45.5 
 
 
Fig. 3. CT system used. 
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3. Methods 
This section presents the methodology used on this work, making a detailed description of the surface extraction 
procedures and describing the measurement protocol and software used. 
3.1. Edge detection algorithms 
Three different edge detection techniques had been used in this work. The first one, Technique 1, is well known 
in the literature and it is based on the local threshold adjustment and has been presented and applied in previous 
works [2]. The second one, Technique 2, is based on the Canny algorithm and was developed by the authors in a 
previous work [1]. 
The third one, Technique 3, is a novel approach to the problem based on the work developed by Rachid Deriche 
[4]. This algorithm is based on the principles of good detection, good location and single answer. In spite of the 
excellent features that the Deriche segmentation algorithm provides, there are two reasons which force to make 
substantial changes to it. First of all, in CT, the problem of edge detection is three-dimensional, and secondly, the 
use of CT for metrology applications requires sub-voxel resolution and not only detection of the voxel where the 
edge is located.  
Therefore, the developed algorithm implements the following steps: 
x Preliminary edge detection. 
x Sub-voxel resolution refinement. 
x Suppression of no-maximum points. 
In the preliminary edge detection an operator adapted from the Deriche gradient operator has been developed. In 
this development, the usual filter was rejected in order to reduce the computational costs and avoid loss of 
information. This linear operator is applied in three main directions X, Y and Z, resulting in a value for each voxel 
equal to the sum of the three values module. (Fig. 4). 
 
Fig. 4. Preliminary edge detection. 
In the sub-voxel resolution refinement, each voxel is selected from the highest value to the lowest value 
according to its gradient value. For each selected voxel the gradient is evaluated along 13 different directions: +X, 
+Y, +Z, +X+Y, +X+Z, +Y+Z, -X+Y, -X+Z, -Y+Z, +X+Y+Z, -X+Y+Z, +X-Y+Z, +Z+Y-Z. In this way it is possible 
to detect the direction which involves higher gradient, and therefore a faster gray variation, assuming that this is the 
closest direction of the local surface normal. With the gradient values obtained through the voxels along that 
direction and in the surroundings of the selected voxel, the point with sub-voxel resolution is calculated using the 
technique of the center of gravity. This point will be over a straight line with the direction of the maximum slope, 
which cross the studied voxel but offset with sub-voxel resolution according to the gradient values of neighboring 
voxels. (Fig. 5). 
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Fig. 5. Sub-voxel resolution refinement. 
In order to avoid the definition of too close points, it is set a last step of suppression of no-maximum points. In 
this step, for each voxel analyzed in the previous step, before accepting it as a surface point, it is verified that no 
other voxel in the direction of maximum slope and closer than a preset value has been previously considered as a 
surface point. This value should be settled based on the expected minimum wall thickness in the part. 
3.2. Measuring protocol 
The extraction of the points for measuring both calibrated parts were performed under the measurement 
procedures indicated at the CT Audit inter-comparison instructions [5]. 
For the industrial part a specific measuring protocol has been developed in order to allow the measurement with 
both CT and MMC machines. In this way it is possible to compare the measurements of both technologies. This 
protocol considers the geometry of the item and the guidelines set in the procedures defined in the CT Audit. Mainly 
it is necessary to define a reference system which allows to decide which points should be considered in the 
measurements, rejecting edges and other zones where could be spurious points or artifacts. This will avoid the use of 
algorithms for filtering and deleting such artifacts. 
 
 
Fig. 6. Segmentation GUI. 
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3.3. CT measuring procedure 
For the surface extraction with Technique 1, the commercial software package Mimics has been used. For 
Techniques 2 and 3, the algorithms have been implemented in Matlab, and a graphic user interface (GUI) has been 
developed for easier. (Fig. 6). 
Prior the application of all edge detection techniques, i.e. previous to the surface extraction, a voxel size 
correction for adjusting the scale factor has been carried out by using calibrated reference standards or geometric 
features, according to the correction method presented in [6]. 
To carry out the measurements the commercial software Geomagic Qualify has been used, allowing an efficient 
management of the large point clouds generated in CT and remove artifacts. This manual process, has not been 
applied close of the reference entities to avoid effects over the measurements, neither positive nor negative. 
4. Results 
Once the described methodology has been applied to the three items, the results shown in the Fig. 7 has been 
obtained. These results are shown as a percentage of the difference between calibrated value and measured value 
with respect to the nominal value. 
 
 
Fig. 7. Measurement deviations showed as ratio with the nominal value. 
Technique 1 offers some different results depending on the CT scan and on the area inside the tomography. This 
confirms the conclusions of previous studies showing that this technique is highly influenced by the quality of the 
scan. 
Moreover, Technique 2 provides good results when the measuring element is formed by flat surfaces, but 
accuracy is lost when the surfaces are curved. 
Regarding Technique 3, although it is not offering the better results in every situation, it usually offers accurate 
results, with a similar deviation to the best of any of the other two techniques. This results also show that Technique 
3 does not present the problems of Technique 2 when measuring curved surfaces, as diameters. At this point, it 
should be pointed that, although both are gradient-based techniques, thanks to the lower computational cost of 
Technique 3, the sub-voxel resolution refinement has been improved, evaluating the gradient along a direction close 
to normal direction of the surface. For sure this is the cause of the improvement in accuracy of curved surfaces. 
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Another important point for the comparison is the computational cost. The computation time will depend not only 
on the power of the equipment used but also on the characteristics of tomography: number of voxels and surface size 
of the parts. In Technique 1 is also necessary to consider that, although the surface extraction is fast, it is necessary 
to perform further processing to determine the optimal threshold and, thus, achieve the necessary accuracy. Table 2 
shows the average calculation time, and its variation, that the three techniques needed to segment the different work 
pieces. As can be seen, Technique 3 is the fastest, largely overcoming to the other technique based on gradient, even 
though Technique 3 implements a more complex and costly sub-voxel resolution refinement. 
         Table 2. Average computational time. 
Technique Average (min) Variation (min) 
Technique 1 60 15 
Technique 2 180 20 
Technique 3 15 5 
5. Conclusions 
Both, the experimental work carried out and the analysis of the results, provide valuable conclusions about the 
advantages of using segmentation algorithms based on the Deriche technique for metrological applications. This 
novel technique, presented in this paper, offers faster and more reliable results than the other techniques previously 
considered and analysed in this paper. 
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